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1. I ntroduction

Regulatory andlysesin the U.S. Environmenta Protection Agency’s (EPA’s) Office of Air
Quadlity Planning and Standards (OAQPS), Innovative Strategies and Economics Group (1SEG)
have traditionaly relied on socid cost estimates that are derived from partia equilibrium (PE)
models of the regulated industry(s).! PE measuresignore effectsin al other markets except those
directly affected by the regulaion. Therefore, they ignore the effect that a price increase in the
affected market might have on welfare costs—and potentidly benefits—in other markets.

A dgnificant chalenge to PE estimates of socid cost has come from recent literature that
focuses on how environmentd regulations interact with tax-induced digtortions in the labor market,
often referred to as tax-interaction effects (TIES). Parry (1997), Goulder et d. (1999), and
Fullerton and Metcalfe (1997) are notable examples of this literature. Public finance economidts,
since Harberger, have known that welfare andysis of public policy can take place solely inthe
intervened-in market only when undistorted competitive conditions reign in dl other markets. If one
performs single-market analysis of atax, say, or an environmenta regulation, then one assumes that
there are no other-market distortions or that the exacerbation and amelioration of other-market
digtortions caused by the intervention in question cancel one another out. The TIE literature argues
that, in the case of environmenta policy (as well as agriculturd policy and trade policy; see Parry
[1999] and Williams [1999]) the other-market effects do not cancel out. In particular, the nature of
environmenta regulation—through command and control, pollution taxes, or quota restrictions on
pollution—systematically worsens the digtortion in the labor market that arises from the exigting
income tax.

The economic literature on TIES of environmentd regulations has potentialy important
implications for the way |SEG estimates the socid codts of these regulations. Severd members of
the Science Advisory Board (SAB) Council reviewing the Agency’ s Progpective Study, The
Benefits and Costs of the Clean Air Act 1990 to 2010 (EPA, 1999) raised thisissue. These
members point to studies that claim to have conservatively estimated the cost of this TIE at 25% to
35% of the direct cost of regulation and that even “small” regulatory actions raise prices, reduce the

Thisislargely true elsewhere at EPA, except in (the not infrequent) cases where market behavior is not modeled
at all. Inthose cases, an estimate of the “engineering” costs of compliance are used as proxies for the social
cost. Under the most general circumstances (e.g., perfect competition), the engineering cost and PE social
cost estimates are typically of similar magnitude. Therefore, the engineering cost estimates of social cost will
also bereferred to as“ PE” measures for the purposes of this discussion.
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redl return to factors (wage), and add to the deadweight loss caused by distortionary taxation
(labor tax). It has been argued that the Agency should use computable generd equilibrium (CGE)
models to account for this effect in esimating socid cogts. However, in lieu of CGE modding, it
has been proposed to employ an ad hoc adjustment factor of 1.35 to “correct” the direct cost
estimates.

This paper presents an interpretation and preliminary assessment of suggestionsthat TIES
be included in current and future estimates of the socid cost of regulation. It beginswith ardatively
nontechnica explanation of TIEs and then summarize policy conclusions from the academic
literature. Next isadiscussion of how the TIEs esimated in the main thrust of this literature fit with
other TIEs that may result from the interaction of environmental regulation with the tax sysem thet is
followed by detailed discusson how the particular assumptions and mode structure in the existing
literature might bias the empirical measurement of TIES. The paper concludes by reiterating the
main conclusions and identifying areas of future research that might shed light on remaining
uncertainties.

Ovedl, understanding the interaction of environmenta regulation with the tax sysemisan
endeavor that EPA should support. The socid costs of regulation, and the merits of dternative
policy instruments to control pollution, can be significantly influenced by these effects. However,
thisisanew and emerging literature where recent research in particular has given ample reason for
caution in applying an across-the-board gpproximate correction to estimates of the socid costs of
regulation. For both theoretica and empirica reasons, the current sate of economic knowledge
does nat, in the authors' opinion, provide adequate guidance on the magnitude on the sign of such a
correction.

2. A Basic Explanation of TIEs

Economic andysis and measurement of the costs of pollution reduction have higoricaly
focused on firms' direct expenditures on pollution control and on the effects of these expenditures
on the markets in which these firms operate. For example, the cost of regulations affecting power
companies would be measured by utilities' expenditures on pollution control equipment and by the
resulting change in the cost of producing eectricity. Such andyses are generaly referred to as PE
andyses, meaning that they focus on a specific segment of the economy in isolation from al others.

Economists have recognized that such changes can have complex and far-reaching effects
in other parts of the economy. Analyses that attempt to capture such interactions throughout the
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economy are known as generd equilibrium (GE) andyses. There have been severd effortsto
systematicaly modd and measure these GE effects (e.g., Hazilla and Kopp, 1990; Jorgenson and
Wilcoxen, 1990; Kokoski and Smith, 1987; Nestor and Pasurka, 1995). The focus of the TIE
literature isto capture extramarket effects that are thought to be important because they involve
large digtortions engendered by government’ s taxation of |abor and investment.

21  Why Taxesare Inefficient

The first concept essentid to understanding TIEs s the inefficiency engendered by raising
revenue through ditortionary taxes. The dominant economic models of Iabor supply assume that
individuas work until the last hour they work gives them the same amount of utility in the form of
income as they get in the form of direct utility from their last hour of leisure. If there were no taxes

on labor income, asmdl increasein leisure at the expense of labor would have very little effect on
utility because they would be dmost equdly vaudble.

However, labor istaxed at margind rates of around 40 percent in the U.S. (taking into
account federd and state income taxes and socid security taxes). The value of that |abor to society
is reflected in what employers are willing to pay (i.e., the pre-tax wage); however, workers only
receive (about) 60 percent of that vaue for every additiond hour they work. Consequently, labor
supply modelsindicate: (1) workers work less and enjoy more leisure than they would without
taxes, (2) they continue to reduce their hours worked until leisure begins to be less valuable to
them, and (3) they choose their hours worked at the point where leisure is only worth the same as
their after-tax wage (i.e., [about] 60 percent of their pre-tax wage).

However, the vaue of labor to society at large (the value of the worker’s margind product)
isnot directly affected by thetax. The divergence of the incentive to work and the vaue of that
work causes a suboptima amount of labor to be provided, and the total welfare of society drops as
aresult. Thereisan extengve theoretical and empiricd literature on the losses caused by taxation
of both labor and investment (see, for example, Browning [1987]). The literature broadly
concludes that these effects are redl and subgtantial. The lossis commonly expressed asthe
welfare loss that results from raisng an additiond unit of tax revenue. Typica estimates are on the
order of 35 percent, meaning that raising $1.00 of tax revenue costs society $1.35 in resources,
thereby creating a deadweight efficiency loss of $0.35 per dallar.



2.2  Why Labor Decisions are Affected the Same Way by Pollution Control
Regulations and Taxes

Thelogic of the TIE literature is that pollution control regulations, whether in the form of
taxes, quantity retrictions, or technology standards, have effects amilar to taxes on labor. This
occurs because the regulations increase the price of goods and services in affected industries.
Because an hour of labor buys less than it did before the regulation, workers perceive adrop in
their real wage and choose to supply less labor and consume more leisure—exactly asthey would if
the tax on labor were increased.

If there were no exigting distortionary taxes on labor, then the loss to society of thisdrop in
the red wage would be smdl. However, the existence of distorting taxes means thet there is
dready a sgnificant difference between the margind vaue of labor and the margind vaue of leisure,
The additiona reduction in labor supply caused by the pollution control regulation therefore crestes
alarge deadweight efficiency loss. If [abor were taxed at 40 percent, then each unit of [abor
reduced by pollution control regulations through higher prices imposes an excess burden of about
40 percent of the pre-tax wage to society. Thislossis one primary component of TIES. The
empirica sgnificance of TIES depends agreat ded on the way this component is modeled and
measured as addressed in greater detail below.

The other component occurs because of the government’s need for revenue. If regulation
causes people to work less, then less revenue is collected from taxes on labor. This reduction in
labor causes the government to receive lower income tax and payroll tax revenues. To make up for
revenue shortfalls, the government must increase these taxes if they wish to maintain revenue
neutrality. Thisincrease once again causes workers to choose to work fewer hours, and a further
reduction to the well-being of the average person results. It isimportant to recognize thet this
literature does not make any judgments about the vaue of government expenditures to society.

The problem is not that the expenditures are not necessary or good. It isthat raising those revenues
reduces the individua incentives to work, thereby raising the socia cost burden of the expenditures.

2.3 A Basic Mode of Environmental Regulation’s TIEsin Labor Markets

The primary emphadis of the TIE literature has been on the interaction between changesin
the market price for a“dirty” good potentially subject to environmental regulation and pre-existing
distortionsin the labor market. Although, as described in Section 3, some of the more interesting
elements of the TIE literature relate to aternative market-based instruments (e.g., emissons taxes
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versus marketable permits) and the interplay between potentidly positive revenue recycling effects
and potentialy negative TIES, the example below rdates to “command and control” regulatory
gpproaches. These gpproaches include the technology mandates and emission standards that have
been the core of OAQPS regulations Since its inception.

Goulder et d. (1999) develop a GE modd of a representative consumer, producer, and
government to devel op testable hypotheses about TIES, revenue recycling, and the potentia for
environmenta taxes to generate a double-dividend. The last two of these issues are not directly
relevant for anadyzing command-and-control implementation of regulations and are not explored
further here. In the case of a command-and-control policy to increase pollution abatement when
labor isthe only factor of production, Goulder et d. define the GE measure of the policy’ swelfare
cost as?

dWSE = c(@)X + [(1+M)r (= Np) + M's5 X] (dP*/da) @

I |
dwA dw'

where

dW®E = thechangein wefare cost measured by GE means

a = pollution abatement level

dw” = direct cost of abatement

dw' = TIE

X = quantity produced (consumed) of the regulated commodity

c(a) = cost of abatement per unit of X

M = margind (PE) efficiency cost of adollar of funds raised from labor tax
revenue for public consumption =€ /(1 —1)/[1—€" /(1 —7)]

M’ = the PE margina excessburden=¢€ /(1 —1)/[1-€" /(1 —7)]

T = labor tax rate

2See the Goulder et al. (1999) paper for more detail on the derivation of Eq. (8). In this example, the parameter 6 is
set to 1.0, indicating the least cost abatement technology is mandated.
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e = uncompensated (Marshdlian) adticity of labor supply with respect to the
change in the wage (or margind tax rate)

e = compensated (Hicksan) eadticity of labor supply with respect to the changein
the wage (or margind tax rate)

PX = (demand) price of the regulated commaodity

Np¥ = changein the quantity of labor (N) supplied with respect to a change in the
price of X

N = labor = time dlotment (T°) —leisure (L)

S = ghare of government transfers in household income

To estimate the Size of the TIE, one needs representative parameter vaues for t, €', €, PX,
oL/oPX, and 55 . Vauesfor T and s; are readily available from government data sources. Labor
supply dadticities can be gleaned from the literature. Goulder et d. (1999) usevaduesof €' = 0.15
and € = 0.40 based on a survey of labor economists by Fuchs, Krueger, and Poterba (1998). The
vaidity of assumed labor market parametersis an important issue for analysts to consider, but a
more detailed discussion of these parametersis outside the scope of the present paper.

3. CorelLiterature

This section highlights the most policy-rlevant parts of this literature for ISEG and EPA
and gives an overview of the methodologies that were used to arrive a them. The section also
identifies recent research that may substantialy mitigate the conclusion that dl socid cost estimates
should be revised upwards to account for TIES. This paper does not attempt to provide in-depth
review of dl of the tax interaction literature; for a survey refer to Bovenberg and Goulder (2000).

The literature is virtualy unanimous that GE effects are important for understanding the
costs and benefits of environmental regulation. The literature is not unique in this regard; both
traditiona neoclassca environmental economists and ecological economists have recognized that it
is economy-wide effects on wefare, and not narrow market-specific effects, that ultimately are
important. Given the complexity of macroeconomic relationships and the associated uncertaintiesin
both theory and measurement, however, there has not been any broad consensus on how to
operationalize a quantitative consderation of economy-wide effects. One well-known example of
using CGE models to quantify supply-side effectsis Hazillaand Kopp (1990). Therefore, while
few would argue that GE effects are unimportant, PE analyses based on single-market or sector-
wide analyses have remained the norm for analyzing the socid cogts of environmenta regulation.

6



The TIE literature isimportant for two related reasons. Firg, it focuses on avery specific
mechanism for GE effects that has theoretica and empirical backing from the generd literature on
tax digtortions. Second, it uses CGE models and tractable analytical models to generate
quantitative predictions about the magnitude of welfare lossesin afairly trangparent way. It marks
the most ggnificant and influentid effort to date to move socid cost estimation for environmenta
regulation out of a PE framework.

Two centrd findings from the TIE literature deserve specid attention:
« GE cogts are larger than PE cogts, and

+ regulatory indruments have very different relative impacts on costs than they do under
PE assumptions.

Theformer is the most important finding for ISEG' swork. Researchersin the field have argued
that the cogts of environmenta regulation have been sgnificantly and consstently underestimated by
not congdering TIES, both from generd analyses and andlysis of specific programs (see Goulder et
al. [1999] and Parry [1997]).

3.1 Relative Magnitude of GE and PE Costs

Regarding the hypothesis that GE costs dways exceed PE costs, two observations are
made here. Firg, its generdity has been called into question in a number of recent papers. Parry
and Bento (2000) find that when the tax system is distorted to favor certain goods such as housing
and medicd care, then environmentd taxation has ambiguous effects on efficiency and may even
enhanceit. In addition, Williams (2000), using an argument Smilar to that presented in Section 5 of
this paper, consders hedth and productivity effects of environmenta regulation. When
improvements in environmenta quality enhance the ahility of workers and firms to produce goods
and services, then these efficiency-enhancing effects interact with the tax system to creete
(potentidly large) gains in welfare. In essence, benefits that occur in production, as opposed to
consumption, are magnified by TIEs.

A second observation isthat the empirical estimation of TIES for regulations that increase
production costs depends critically on the structure of specific abatement technologies, markets,
and the generd subdtitutability of leisure and the output of the regulated sector. While the economic
logic of these supply-side effectsis compelling, the existing models may not adequately teke
account of the red state of production—consumption relationships. This causes some concern that



the structure of the CGE modd s used magnifies the empirica sgnificance of TIES Kahn and
Farmer (1999) have recently argued that the assumption that output and leisure are subgtitutesis
centrd to these modds results and is likely not to hold in a number of important cases.

Researchers active in this field have recognized the points made here. Goulder and Parry
(2000) summearize these limitationsin arecent essay on TIE. The point hereisthat thisisanew and
rapidly changing branch of economics literature, with new work offering stark changesin policy
precriptions from that produced ayear earlier. While the literature is interesting and important, it
seems premature to begin incorporating TIEs into EPA’s primary estimates of the social cost of
pollution control regulation given the current state of knowledge and existing doubts about current
results and their broad applicability.

It bears mentioning that the TIE relies fundamentadly on the pre-existence of distortions
caused by the tax system. Thisraises a philosophica point about the sequencing of the tax and
regulatory distortions and the attribution of each to the combined burden. Thisis addressed
separately in Addendum 1.

3.2 I nstrument Choice

The TIE literature is in substantia agreement that regulatory ingruments that raise revenue
are superior in efficiency termsto those that do not. This follows from the fact that the tax revenue
raised can be used to lower taxes on labor without affecting tota revenues, thus reducing the
digtorting effect of the labor taxes. Goulder et d. (1999) found that this revenue-recycling effect
was not large enough to offset the tax-interaction effect from increased red output pricesin their
multi-sector CGE modd of the U.S. economy. Fullerton and Metcafe (1997), however, found that
aPigouvian tax on emissions exactly counterbaanced TIEs by taxing away dl of the scarcity rents
generated by pollution restrictions.

The finding that taxes (or auctioned permits or quotas) are superior to other ingrumentsis
in line with the findings of the green tax/double dividend literature. Theissue of how much better,
and how much inefficiency is produced by the interaction of pollution and labor taxes, brings up the
same issues discussad in the preceding section—how are environmental inputs to production
modeled and how are the quantity redtrictions and resulting price changes in the market for the
regulated industry modeled?



Two related papers (Goulder, Parry, and Burtraw, 1997; Goulder et a. 1999) compare
environmenta taxes with various forms of nonrevenue-raisng regulatory indruments. These papers
find pollution quotas (ether tradable permits given out a no cost or quantity-based performance
gandards) to be the least efficient form of regulation when TIEs are taken into account. Rate-
based performance standards and technology standards fare better because they do not confer the
same magnitude of scarcity rents (Snce they do not set rigid limits on ether per-firm or overdl
emissons). Burtraw and Cannon (1999) argue that tradable permits are not as inefficient asin the
Goulder et d. (1999) modd when there is Sgnificant heterogeneity in abatement codtsin the
regulated population.

These comparisons, like dl TIE effects, are driven by the role of regulation in increasing
pricesto consumers. The larger the price increase in the output market, the larger the TIE. The
empirical sgnificance of these effects in determining the reltive efficiency of dterndive insruments
a o depends on how firms and markets actudly respond to regulation as implemented.

The size of the TIE in Eq. (1) depends critically on the relationship between the regulatory
cost and its price effect in the market for X. An increase in abatement requirement costs will place
upward pressure on the price of X. The extent of the price effect is determined by conditions
related to market supply (the shape of the margina cost of output function) and market demand.
While thereis little controversy regarding the basic relationship between a price change and the
quantity demanded (Marshalian demand functions are typicaly downward doping), the supply
response depends on assumptions regarding the underlying industry cost function. As shown
below, that assumption can be critical to the size of the price change and, therefore, to the size of
the TIE.

4, Measurement Issues: Abatement Costs, Industry Cost Functions, and Regulatory
Coverage

The magnitude of welfare losses resulting from TIES depends on a number of key empirica
relationships, but an initid and very critical one is the extent to which industries react to pollution
control regulation by regtricting output, thus raising consumer prices. The ultimate price increase
depends on subgtitution in consumption, trade, and other market-wide factors. However, the first
gep isthe reaction of theindividud firm to atax or quantity congraint. does the variety of
pollution-reducing options available to a firm cause abatement-decreasing investment thet leaves
output little changed, or does afirm react by reducing output as a magjor component of its



compliance strategy? The result of theoretica and numerical models depends on the way that
abatement technologies are specified. It isargued here that the assumption that costs are linear in
output (not in abatement) provides larger estimates of consumer price increases than other
specifications, ceteris paribus. Such an assumption may be questionable for many types of
abatement technologies.

This section formalizes the concerns that the estimation of TIEsin andyticd and CGE
models may magnify the red price increases caused by regulaionsin turn, biasng upward the
messures of the socia cost of regulation. Three related issues are discussed:  the specification of
abatement cogs for individua firms, the way that aggregating firm output responses to an industry
level affects out prices, and the effects of having producers differentidly affected by environmenta
regulation.

4.1  Specification of Abatement Technologies and Costs

The specification of abatement technologies and costsis of centra importance to the size of
the TIE digtortion. When faced with an environmental regulation, firms can reduce output, add
end-of-pipe abatement technologies, change input mixes, or invest in new production processes or
other innovative pollution control activities (or some mix of these activities). It isthe reduction of
output that resultsin higher prices, which then leads to real wage decreases and reduced labor
supply. The extent to which regulation leads to a reduction in output is therefore criticd to the
magnitude of TIE welfarelosses. Following Goulder et d.’s (1999) GE mode, consider an
emissons sandard rule and et the total emissions congraint be E = (e—a)X

where
X istheleve of output
e isthe uncongtrained emissons per unit of output
aisthelevd of emissons abated per unit of output

Letting C(X) represent a cost function for nonpollution-related production costs and A(a,X)
represent the total costs of abatement, the profits of the firm are given by

[1(X,@ = PX = C(X) —A(aX) )

subject to a congtraint that total emissions are less than sometotd E:
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L(x,@ = PX —C(x) —A(aX) +A(E — (e—a)X). ©)
The firgt order condition with respect to output implies that at the firm’s optimal choice,
P* - C(X) = A(aX) —A(e-a). (4)
where the X subscript refers to the derivative of the function with respect to output.

For agiven price, the reduction in output that maximizes firm profits depends on both terms on the
right sde of EQ. (4). The Lagrangean term reflects the technical relationship between abatement
effort and output levelsin meeting the pollution congtraint E. 1t reflects the ability of firms to reduce
output to reduce pollution, not to change the cost of reducing pollution per unit of output.
The more expensive it is to reduce pollution holding output congtant, the more output will be
reduced as part of the firm's cos-minimizing strategy. This effect aso reduces output, which
ceteris paribus will lead to higher output pricesin the market.

The assumption that pollution islinear in output (holding abatement technology constant)
seems plausible for most pollution management drategies. The more binding the congraint, the
bigger the wedge caused by this term between margina cost and price in the firm’s output decison.
Note that the Sze of this effect also depends on the choice of a higher levels of abatement
investment reduce the importance of thisterm in the firm’'s output decison.

Thefirg term on theright of Eq. (4) isthe effect that may be particularly important in the
exiging TIE modds. Thisterm isthe changein thetotal cost of reducing pollution (holding
abatement per unit of output congtant) that results from amargina unit of output. The larger the
magnitude of A,(aX), the larger the wedge between price and margina production costs (ceteris
paribus) and the larger the output reduction. Goulder et d. assume that abatement costs are linear
with respect to output

A(aX) =c@X ©)

At firgt glance, this assumption appears reasonable in that the total cost of abatement depends on
the amount spent per unit of output times the quantity of output. On closer ingpection it seems much
less reasonable as a genera propostion for evaluating margind changes in abatement costs. The
specification in Eq. (5) means that the abatement cost part of an additional unit of output is congtant
for dl levels of output. One can easily think of pollution control that is not well described by this
functiond form. For ingtance, many abatement technologies require alarge fixed cost and then a
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depreci ation/maintenance cost that one would expect to be declining in output over some range of
output (if it has an age as wdl as throughput component to depreciation). Similarly, invesmentsin
research and development, training, or engineering process changes would not produce the same
abatement expenditure for dl units of output; the margind expenditure would be closer to zero.
This has potentidly important effects in the tax-interaction CGE models, because it is not the Sze of
investments in abatement that matters, but how that investment varies with the quantity of output.
At the extreme, A, = 0.3 Output reductions will still occur as further abatement investments exceed
the price of the additiona output they alow (the second right-hand side term in Eq. (3). If pollution
abatement involved paying more for aless polluting input, or if it had ahigh labor share that is linear
in output, then the specification in Eq. (5) would be reasonable, and we would expect to see large
output reductionsif overdl pollution quotas were binding.

Assumptions that tend to keep A,(aX) high produce larger adjustments in output (which
cause priceincreases in output markets) compared to investments in abatement. 1t is hard to draw
any firm conclusions, because the result on output levels depends on the actual abatement cost
specification as wdl as the industry supply function (see below). However, ceteris paribus, there
is reason to be concerned that the assumption that A,(aX) = c(a) will tend to magnify output-
reducing effects of more binding quantity restrictions on emissons.

4.2  Returnsto Scale and the Slope of the Industry Cost Function

Ancther empirica congderation in TIE messurement is the nature of the indusiry cost
(supply) function. Consder two possibilities for the second derivative (dope) of industry
production cost function:

« congant returnsto scale (CRS): C,(X) =0, and

« decreasing returnsto scale (DRS): C,,(X) > 0.

SConsider, for instance, rules that impose pollution limits per unit of product. An example of thisin OAQPSis
the product limits for volatile organic compounds (VOCs) in architectural coating products (Federal
Register, 1998). Regulated producers were required to ensure that VOC content per product did not exceed a
certain level. Compliance primarily required an initial investment in research and devel opment to develop a
new coating formula. The size of the reformulation investment had essentially no relationship to the rate of
output; thus, there was a very weak, and certainly not alinear, relationship between compliance costs and
output.
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The andytica and numerical models referenced by Goulder et d. (1999) in developing Eqg. (1) and
most of the other contributions to the TIE literature rest on the first possibility, CRS. Under CRS,
industry profits are zero and dl abatement costs are passed on to consumersin the form of a higher
price for X. Removing the specific emissons congdrant from Eq. (3) above, the firm’s profit
maximization condition with respect to output becomes

P4 =CyX) + AfaX) (6)

For the remainder of this section, the linear abatement cost assumption is gpplied, A(aX) = c(aX.
Thisis done to smplify the mathematics and keep the focus on the production cost function
characterigtics.

Following standard assumptions of producer theory, margina costs are nonnegetive
[C.(X) = 0] and nondecreasing in output [C,,(X) = 0]. Anincrease in the abatement requirement,
then, has the following effect on the price of good X:

dP* = C,(X)dX" + ¢, (a)da 7

The term dX" represents the change in the GE output level of good X in response to the changein
market conditions (prices) caused by the abatement requirement. Specifically, under CRS, Eq. (7)
reduces to

dP* = c,(a)da (8)

where ¢, isthe change in the unit cost of abatement with respect to the change in abatement level.
Under CRS in production, consumers of good X absorb the full brunt of the abatement cost
increase, and the TIE caused by consumption price-induced reductionsin the red wageis
maximized. Thisisthe scenario Goulder et d. (1999) and Parry (1997) modd when computing the
empirical range of TIE mark-ups on socia cost used as a point of reference for this discussion.

This result begs the question, however, of the applicability of CRS for regulatory analyss.
Microeconomic theory provides ample conditions under which an industry margind cost function

“Parry (1997) doesindicate in footnote 7 that his model generalizes to upward-sloping supply curves (DRS). Yet
the numerical results estimating the relative magnitude of TIE clearly depend on the CRS assumption used to
generate them, to the extent that the TIE depends on the size of the price change which, in turn depends on
whether CRS or DRSis assumed.
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(and competitive supply curve) might not be constant throughout the range of output considered in a
modding exercise. They include

« Scarcefactor inputs
— coitd fixity
— fixed natura resource endowments
— gpecidized labor
« Technologica heterogeneity across suppliers

To some extent, these are short-run phenomena that can be overcome by investment in
capital, R& D, and resource discovery, for example, thereby making the long-run supply function
flatter than the short-run function and, in the extreme, perfectly flat (CRS). However, if the industry
facing the regulation cannot adjugt al factors of production by the time the regulation comes into
effect, then some deviation from CRS iswarranted for the purposes of evauating regulatory price
effects. Even if these are trangtory, time preference and discounting suggest that trangitory effects
could have a sgnificant effect on the present vaue of socia cods.

Suppose production is subject to fixed factors and DRS.®> Then following Eq. (7) the
change in price will depend not only on the abatement cog, but on the equilibrium changein the
quantity of X. With standard Marshdlian downward-doping demand functions for X, the
equilibrium quantity will decline (dX<0) subject to the higher equilibrium price. Under DRS,
C.(X) > 0; therefore, the decline in the aggregate output will result in adecline in the margina cost
of production. Thus, thefirg term in Eq. (7) is negative, and the changein priceislessthan the
change in abatement cost:

dP* < c(a)da 9)

Figure 1 provides an example of industry supply under DRS, with a unitary dastic supply function
and aunitary dagtic Marshdlian demand function. In that case, price rises by exactly one-haf of
the abatement cost increment. The remainder of the burden isimposed on producers, whose

SWilliams considers the possibility of DRS in the context of TIEs with trade tariffs (1999) and labor productivity
improvements from pollution control (2000). Parry (1999) also considers fixed factors (land) and DRS in the
context of agricultural policy. None of these analyses specifically addresses the question about the effect of
DRS (vs. CRS) on the magnitude of TIE.
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abatement costs rise more than the price they can recover in the markets, and thustheir profitsfal.
To fully capture TIE under DRS, then, some accounting for the drop in producer income must be
consdered.

Full household income is the amount that can be spent on leisure and consumption. It
equass the after-tax value of the time dlotment (T°) and profit distributions (IT), plus the lump-sum
redistributions from the government on labor and profit taxes:

Y =WT°(1—1) + 11 (1 — 1) + twW(T° —L) + I (x) = W(T® —7) + I (10)

Differentiating Eq. (2) with respect to changesin P, X, and a, the change in profits due to
imposition of abatement cogtsfor X is
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3Unit supply elasticity (¢ = 1) and demand elasticity (E* = -1).

dII = [dP* —c(@)da] X + [P* — C,(X) —c(a)]dX (11)
Thefirgt-order condition in Eq. (6) indicates that the second bracketed term is zero, thus
diI = [dP* — c(a)da] X (12

Asindicated in Eq. (9), under diminishing returns, the bracketed term is negative. Thus, profitsfal
(dr1<0) under DRS. Under CRS, di1=0. Because firm profits are amply redistributed back to
households, the direct burden on society isjust re-channeled, it does not disappear. However, the
effect on the labor market distortion is different than with the pure P* effect. The Marshdlian
demand function for leisure is a function of the leisure price (after-tax market wage), P*, and
income, Y

L=L[w(L—1), P%, Y] (13)

Assuming the tax rate remains constant, the change in leisure demand can be expressed asa
function of the change in the wage, goods price, and income:
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dL = Ly, dw + Lpy dP< + Ly, dY (14)

where the subscript indicates the argument of the derivative. It is generaly assumed thet leisure's
own price effects (L,y) are negative and cross-price effects with consumption (Lpx) are postive
(leisure and consumption are subdtitutes). Assuming that leisure isanorma good, its income effect
(Ly) isdso pogtive. Thefull contribution of changes in the market for good X in the leisure/labor
decison areillugrated in Figure 2. The leisure demand function is inverted to create the labor
supply function S. The labor demand functionis Dy.° First consider the shift in the labor supply
function from basding, Sy(P,%, Y,), to the farthest away function, Sy(P%, Y,). Thisreflectsthe
shift in response to a price change equa to the full abatement cost increase (P*= P,* + c(a)da
(i.e, that which isfound under CRS). Thisis tantamount to the TIE identified by Goulder et d.
(1999) under the command-and-control instrument. The reduction in equilibrium labor quantity
from N, to N generates a TIE measured by the entire gray-shaded area, adeh. Under DRS,
however, the price of X risesto Py*, an increase less than the full abatement cost. Holding income
fixed a the basdine levd, Y, the labor supply function shifts only to Sy(Po%, Y,), yidding asmdler
TIE (acfh) than under CRS. Then, dlowing for the effect of declining profit distributions on
household income, assuming that leisure isanorma good, there is a shift back out in the [abor
supply function to Sy(Po%, Yp). Herethe TIE is abgh, which is substantialy smdler than the
origind TIE estimate.

4.3  TheRoleof Unregulated Producersin the Market

The co-existence of producers in the same market who are unequally affected by the
regulation is particularly relevant to environmenta regulations implemented by OAQPS. The
clearest case occurs when one segment of producersin Market X faces the environmental
condraint, while another segment of the market is completdy uncongrained. This Stuation might
occur through direct competition with foreign suppliersfor an internationdly traded commodity. It
might reflect differentid stlandards for producers from different regions within the United States
(e.0., NAAQS atainment versus nonattainment aress). A potentialy relevant caseis that there may
be very different pollution intensities of dternative technologies for producers in the market.

5Somewhat contrary to most depictions in the TIE literature, Dy isillustrated here as sloping downward,
exhibiting the potential for diminishing returnsto labor and/or final good price feedbacks under labor
(output) expansion.
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When only part of the market is constrained by the abatement requirements, it is more
difficult for the costs imposed on the regulated producer to be passed on to consumers via higher
prices. Figure 3illugtrates this point. Here, the regulated supply segment (S'R) issmdll rdativeto
the entire market. This Stuation is more likely to occur when the goods market is very large rdaive
to domestic production (e.g., agloba commodity such asail) or the regulation is very specificto a
subset of producers (e.g., Midwestern cod producers). Now increase production costs per unit by
c(a). Because the aggregate supply function for the commodity sums across the supply functions of
regulated and unregulated producers (8¢ = SXR + S*V), the cost/supply shift for regulated
producers is diminished when trandated to a shift in the aggregate supply function (i.e, the shift in
St isrdatively smdler than the shift in SR). At the new equilibrium, unregulated producers expand
their output from Q*Y, to Q*Y,, which partly offsets the decline in regulated output from QR to
Q*R,. Thus, the effect of the regulaion on the market price is muted by the ability of the
unregulated producers to subgtitute for the regulated producers in satisfying market demand. In this
gtuation, the regulated producers withstand alossin profits while the unregulated producers
experience an increase in profits from the higher price.

5. Toward aMore“General” GE Analysis
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Asdiscussed in Sections 2 and 3, the TIE literature has until recently focused on GE effects
that result from redl price increases caused by environmenta regulation. This section formaizes an
argument that is more expansive in tha regulatory analysis should include the GE effects of
environmental benefits aswell. In a setting where agentsin the economy have preferences over
environmenta qudity, both the consumption of market goods and the demand for and supply of
labor will be affected directly by environmenta quality. When one considers these effects, the
overdl effect on wdfare of the TIE isnot so clear. While a PE analysis of the costs of
environmenta regulation isincomplete, as Parry, Goulder, and others argue, bringing in GE
concerns while till focusing only on regulatory costs can be mideading from the GE perspective.

Thislagt point is acknowledged in arecent paper by Williams (2000). In andyss
consstent with the approach discussed here, he takes into account benefit-side interactions with the
tax system. He concludes that the sign of the TIE is ambiguous and hinges critically on theway in
which environmental improvement affects labor supply. Two of Williams condusons are
particularly relevant. Thefirg isthat if environmental improvement enhances labor productivity,
then the benefit-side tax interaction works to counterbalance the cost-side interaction and can more
than offst it. This same point is made in the stylized model to follow here. Williams' second
conclusonisthat if environmental improvement does not improve labor productivity on the job but,
instead, reduces workers' health care expenditures, then the benefit-side interaction is negative,
offsetting some of the direct benefits from regulation.
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In this section, amodel economy is developed that accounts for benefits-Sde interaction
between environmenta regulation and the tax system. Consider an economy inwhich a
representative agent derives utility from consuming an aggregate market good (X), hours of leisure
(L), and environmenta quadity (E). The agent’ s utility function is given by U(X,L,E), where utility is
increasing in each of itsarguments. Markets for the consumption good and for labor are
comptitive. Theleve of environmentd qudlity is exogenous. It isa public good, both nonrival and
nonexcludable.

The production side of the economy is represented by a production function that relates
employment of effective labor (N*) and a second input (Z) to the production of the market good.
The production function is given by

X =f(N",2).

The quantity of effective labor, N*, isrelated to the quantity of labor employed, N, and to
environmental quaity:

N* = g(N,E).

Environmenta quality influences effective labor most directly for those changesin environmental
quality that are linked to hedlth satus. For example, reducing sick days and increasing the
productivity of workers subject to chronic disease are effects that increase the effective units of
labor employed.” The function g(N,E) isincreasing in E and could plausibly be taken to be linearly
homogenousin N. The nonlabor input, Z, is assumed to be perfectly dagticaly supplied from
outside the economy. A representative firm hires labor from within the economy and Z from
without, sdling its output to consumers and returning to them al profits.

The environmentd issue in the economy is that employment of Z degrades the environment.
Thereis an inverse rdation between Z and E:

E=N(2),

where v (2)<0. The god of the andyss here isto account, in GE, for the effects of aregulation
that reduces the use of Z.

"Williams (2000) treats health care costs separately from labor productivity.
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The role of the government in the economy isasfollows. The government taxes dl forms of
income at the proportionate rate T and uses the revenue to finance trandfer payments in the amount
G. In arepresentative agent modd, transfer payments are hard to motivate. But, following Parry,
they are used here to introduce a balanced budget requirement and the redlity of distortionary
taxation. The government will be assumed to baance its budget, both initidly and after any changes
brought about by environmenta regulation.

In this setting, price-taking consumers face the following budget congtraint:
PX =w(T°-L)1-1) +n(l- 1) +G, (15)

where P* isthe price of the market consumption good, w is the wage rate, T° istotd available
labor, and = isthe agent’s share of firm income. The consumer maximizes utility with respect to
choice of X and L, taking dividend income, =, and transfer payments, G, as given. Rearranging the
budget congtraint to put choice variables on the left yidds

PX +w(l—7)L =, (16)

whereY =wT°(1 —1) + (1 —1) + Gisthe sum of the exogenous components of income: the
after-tax vaues of the labor endowment and dividends and the vaue of government transfer
payments.

Consumers equate the margina rate of subgtitution between X and L to the distorted price
ratio:

MRSy, = U /Uy =w(1-r1)/P~. (17)

Thisfirgt-order condition and the budget congtraint give Marshalian demands for X and L:

X (w, P, 1,Y) and
L (w, P%, 1, Y). (18)
The last expresson implies the optima supply of labor:
S\w, P51, Y)=T°—L"(w, P%, 1,Y). (19)
Findly, the behavior of firmsis modeed as the maximization of profits:

1= P*X —wN — P*Z. (20)
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Profit maximization by firmsis represented by the setting of each factor’s value margind product
equd to its market price:

VMP*=P*'{ = P?, and
(21)
VMP, =P {.g= w.

The two profit-maximizing conditions for firms do not take into account the two externa
cogts from the employment of Z: increased employment of Z reduces E, which imposes direct cogts
on consumers and which reduces the productivity of labor by reducing the number of effective units
of labor. Thus, the socid vaue margina product of the employment of Z isless than the private
vaue margind product. Thisfact isillusrated in Figure 4, where Z, isthe privately chosen
employment of Z and Z isthelevel of Z corresponding to a PE optimum (i.e., one that does not
take into account interaction with pre-existing tax distortions.) The Pigovian tax of ¢ would result
in the PE efficient outcome and would result in a net welfare gain of the shaded area by PE
acocounting.

Now consider the GE effects of imposing atax on Z. Comparative Satic results are
presented in Addendum 2. A graphic depiction of the effect appearsin Figure 2, which displays
the equilibrium in the labor market. Theinitid equilibrium is formed by the initid supply of Iabor,
S\, theinitid vaue of margind product of labor, VMP,, and the income tax rate, ©. In that
equilibrium, N, units of labor are employed. The market wageisw,. The wage net of income tax
iISW,(1—r1).

Now suppose that atax islevied on Z, the polluting input, and that the proceeds of the tax
are returned as alump sum by increasing G, the government’ s transfer payment.2 If there were no
production benefit from environmenta quality, the polluting-input tax would only shift left the supply
of labor, say from S to S’, increasing the pre-existing distortion in the labor market by tw times

8An alternative assumption would be to adjust the rate of income tax to keep the government budget balanced
asin Parry (1997) and in Fullerton and Metcalf (1997). By balancing the budget through lump-sum rebates,
there is no revenue recycling effect (as referred to by Parry) but there remainsa TIE. The assumption of
lump-sum rebates of the Z-tax also makes the analysis formally similar to an analysis of a system of pollution
guotas in which the quota rights are sold by auction to private firms.
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the reduction in equilibrium labor employed. Thisisthe TIE discussed in the literature. But with an
increase in environmenta qudity brought about by the reduction in Z, the effective labor input is
enhanced. This shiftsthe demand for labor to the right from VMP, to VMP,’, which offsetsto
some degree the reduction in equilibrium employment of labor.

There is another effect in the present modd, and implicit in Figure 5, beyond whet is
cgptured inamodd like Parry’s: by explicitly incdluding environmenta quality in the consumer’s
utility function, there is the scope for complementarity between environmental qudlity, E, and the
market good, X.° From the consumer’ s perspective, there are then two offsetting effects on the
supply of labor: (1) anincrease in the equilibrium price of market goods, which induces a shift
toward leisure (aleftward shift in the supply of labor), and (2) an exogenous increase in E, which
might be complementary with some market goods. If higher levels of environmenta quality induce

Goulder, Parry, and Burtraw (1997) also model environmental quality in a representative consumer’s utility
function, but restrict utility to be strongly separable between environmental quality on the one hand and
market goods and leisure on the other. This restricts environmental quality to be a substitute individually
with all goods, so complementarity cannot arise. See Deaton and Muellbauer (1980).
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expenditures on complementary market goods (such as eco-tourism expenditures, cameras, and
down-filled parkas) then, to some extent, there is arightward shift in the supply of labor: workers
have incentives to work harder to earn the money to spend on goods complementary with
environmentd qudlity.

Figure 5 focuses on the TIE and not the complete welfare calculation. Further, it isnot
cdibrated with any particular empirical measures of the effects discussed. If the VMP, and S
curves were to shift as drawn, such that the post-pollution-tax quantity of labor were larger than the
pre-tax quantity, then the TIE would be awefare gain equd to the size of the shaded
paralelogram. Added on to the PE measure of Figure 4, the TIE would provide an added benefit
from the pollution tax. Asin Harberger (1964), the Sgn of the TIE, the extramarket ditortion, is
entirely dependent on the sign of the change in the quantity of |abor.

The generd point isthis. Once one considers an integrated analyss of the costs and
benefits of environmenta regulation, it is not clear on which sde of the ledger GE wefare
accounting fals. To introduce pre-exiging distortions only while considering the costs of
environmentd policy isapartid application of GE methodology and can be mideading.

6. Summary and Directionsfor Future Research

This paper has identified three significant challenges to the straightforward application of an
upward correction to account for TIEsin socid cost estimation. The first isthe empirica
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relationship between specific environmenta regulations and changes in the red wages of workers
must be measured in red world conditions with dl of the complexities of red-world markets and
regulatory strategies. The models presented in Section 4 show that the size of theorized efficiency
losses depend criticaly on how abatement and output markets are modeled and measured. 1t can
be argued that the assumptions in much of the existing literature tend to increase the estimated Size
of efficency losses. Empiricd studies of specific regulations and markets can help to establish just
how large these effects are in practice.

The sacond sgnificant challenge is gauging the importance of environmenta benefits. If the
environment is understood as an essentia input to economic production, and not Smply asa
consumption good, then effective environmenta regulation can be expected to have important
interactions with the tax system that can cause socid costs to be lower than those found in PE
andyses. A modd of how this occursin specific instances was presented and interpreted in
Section 5 and echoes the concerns of Williams (2000). The importance of environmenta qudity as
aproduction input is o centra to environmenta policy that this chalenge must be fully addressed
before a complete view of TIES can emerge.

Third, there is the concern of picking a specific distortion and modeling the second-best
consequences in isolation of dl others. Parry and Bento (2000) demonstrate that when other tax
digtortions are considered, very different (third-best) consequences of environmenta regulation may
result. Addendum 1 raises the question of the appropriate frame of reference for considering the
TIEs of environmenta regulations.

It isto be hoped that progress in the understanding of environmental economic phenomena
will move toward a consideration of economy-wide effects, just asit isto be hoped that
intertempord efficiency and ecologica service flows (to name just two examples of important
phenomena characterized by limited economic knowledge) will be smilarly incorporated. EPA
should fully support these efforts. However, caution should be used in tresting interesting but
largely theoretica results as empirica fact in gpplying economics to specific policy questions. For
the time being, the current state of knowledge gives good reason for caution.
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Addendum 1: Multiple Distortions and the Sequence of Social Cost Accounting

This addendum addresses a basic and nontechnica issue concerning the philosophy of cost-
benefit andys's of multiple government policies. There are two interventions contemplated in the
TIE literature: an income tax and an environmenta regulation. The anayticd dance isthat the
income tax is the incumbent policy, which has generated a deadweight loss. The environmental
regulation is proposed as an incrementa policy and there is concelved no adjustment of the income
tax system to the regulation. The TIE literature then properly proceedsto caculate the change in
socid wdfare, by the potential Pareto improvement criterion, from the imposition of the regulation.
The centrd point isthat the two policies interact and in a negative way.

If one takes the negative interaction as fact, there is an issue as to which policy one charges
for the interaction's cost. One logicd posshility, with grikingly different welfare conclusons from
the usud TIE approach, isasfollows. Suppose that in an initid no-policy satethereisan
environmenta externdity and no incometax. If from this state one proposed a Pigovian tax on the
externdlity, the true socid gain could be caculated entirdly in the taxed market. Even though the
increase in the market price of the taxed good shifts the supply of Iabor, there is no increment in
digtortion from the labor market because there is no digtortion to begin with. The vaue margind
product of labor equals the margind supply price before and after imposing the pollution tax.

If one next imposed an income tax, the standard PE calculation of its welfare cost would be
complete and accurate aswel. Even though the tax shifts demand, and perhaps supply, for the
polluting good, there is no divergence between margina socia cost and margina socid benfit in
that market because of the correction due to the pollution tax.

Thought of this way, thereis no TIE because the environmentad tax or regulation is being
gpplied to an undigtorted economy. The sum of the welfare effects of the income and pollution
taxesis independent of the order in which the policies are applied (income effects asde). But, if
one andyzesthe pair of policies by firs congdering the income tax and, second, the pollution tax,
then the TIE regppears as a necessary adjustment to the cogt of the pollution tax. A seemingly
unnoticed implication of this order of measurement isthat thereis an “externdity interaction effect”
due to shiftsin the distorted market induced by theincometax. If the TIE is negetive, the EIE is
positive and roughly the same sze. The advice for policy anadyss from the TIE literature should,
then, not only be that cost-benefit analysis of environmenta regulation should be reconsidered and
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adjusted for extra-market effects, but that so should the excess burden of taxation be recaculated
to condder interactions with externdity-distorted markets.
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Addendum 2: Compar ative Static Resultsfrom the GE Model
The modd comprises seven equations.
Production

Under congtant returns to scale, the cost function for the firm can be written as C(w”,P#,X)
=c(w',P?)X, where ¢(.,.) isthe unit cost function. Thewage, W', refersto the price per effective
labor unit: W' =w/«(E). Shephard’s lemma gives the output-conditiona demand for Z asthe

cz( %ﬁ’m«»]-x -z, (1)

derivative of C(.,.,.) with respect to P*:

where ¢, denotes the partia derivative of unit cost with respect to P?, and ¢ is the proportionate
rate of tax on the polluting input.

Smilarly, the conditiona factor demand for effective labor units can be expressad in terms
of the cogt function. The demand for actud labor unitsis related to the demand for effective units
and equated to labor supply:

1 w z . = o
@c"‘[ﬂj (1+¢)] X = T°-L, (1b)

where oy, denotes the partial derivative of unit cost with respect tow’, T° is the total endowment
of labor, and L isthe chosen quantity of leisure.

Because the production function is assumed to be constant returns to scale, the previous
two expressions are combined to determine the ratio of factors employed. The scale of production
is determined by demand and the condiition that unit cost equa output price, P, which is
normaized to equa one (al prices are expressed in terms of X):
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n(%,Pz(1+¢)) = 1. 2)

Preferences

Consumers have preferences over the market good (X), leisure (L), and environmental
qudity (E). They chooselevelsof X and L given their income (Y). Ther Marshdlian demands are
given by

X=X (w(l-1),P*=1EY),ad (3)
L=L" (w(l-1),P=1EY). 4
Budget Congtraints

The consumer budget condraintisY =wT° (1 —rt) + G. The government’ s budget
condrant isG = tw(T°—L) + $P,Z. Assuming that al tax revenues, labor, and input are returned
as lump sumsimplies the following combined congraint:

Y =w(T°—<L) + $P*Z. (5)
The Environment
E=h(2), h (2) <0. (6)

Egs. (1) through (6) fully describe the eqilibrium of the economy with P#, t, and ¢ taken
as exogenous.

To examine the comparative statics of the system, express Eq. (1) through (6) in log-
differentid form. For notationa convenience, dl differentids below refer to log-differentids. That
is, dZ refersto dinZ, dX to dinX, etc. The one exception to thisrule is that dg will be understood
to refer to changesin levels, not logarithms, of the tax rate. The log-differentid system, evauated at
aninitid equilibrium of $=0, and with dP,=d<=0 can be written as
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where the system variables are

Z = polluting input,

E = environmenta qudlity,

X = market consumption good,

) = proportionate rate of tax on X,

T° = time endowment,

L =leisure (N = T° — L = labor supply),

PX, P4, w =market pricesof X, Z, and N,
Y =income, and
T = proportionate rate of tax on labor income.

Parameters of the system Egs. (1') through (6') are defined as

S =labor cost share = wN/(WN+P,Z),
o = dadticity of substitution between effective labor, N*, and Z,
ng = dadticity of effective labor w.r.t. environmenta qudity,
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nw = dadticity of X demand w.rt. w,

ng = dadticity of X demand w.ri. E,

% = income dadticity of demand for X,
W = dadticity of L demand w.rt. w,

ne = dadticity of L demand w.r.t. E,

ny = income dadticity of demand for L,
¥ = P?Z/[w(T°-<L)] > 0, and

" = <L/(T° - <L) > 0.

Subgtituting for d from Eq. (6") into Egs. (1’ through 4') and for dM from Eq. (5') into
Eg. (3') and Eq. (4') gives

L

[A-o)yn,m —1]dZ + odw—ﬁd[.=od¢ (1)
sngnzd —sdw = (1 —s) d 27

dX —ng nZdZ + @« dw + pny dL = ynxdd (3"
—nEngdZ + npdw + (1 + pn,) dL = ym do 4"

where nf generally describes the elaticity of variablei with respect to argument j.

The homogeneity of the Marshdlian demands (ny + ng* + ¥ = niy + n& + 1% = 0) was used to
reduce Eq. (3”) and Eq. (4").

Subdtituting for dZ from Eqg. (2”) into Eq. (1”), Eg. (3”), and Eq. (4”) gives

L
T°=L

Al LS (UL LS TSNS
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Egs. (') and (4’ ") comprise asubsystem determining dw and dL for exogenous d. The
solution to the two-equation system relevant to the TIE is

slele [ 1—O0-¢ L ol’._lil'._ L
da . mﬁl‘l!( & ) ! wm‘-r ?T]B, L k¥, (7

ot - oprmmeg-ungk & gt e )

o —rgyde e = g+ (L2l o

This expression cannot be signed without placing restrictions on the parameters. That is,
the TIE can be pogtive or negative. If dL/d¢ is positive, then the pollution tax induces an increase
in leisure, adecrease in labor, and an increase in the income tax digtortion. If dL/d¢ is negetive,
then the TIE is a benefit to the pollution tax beyond what is measured in PE.

The equation for dL/d¢ is complex, even in thisrdatively smply GE modd. Two specid
cases are of interest, however, and can be andyzed without recourse to smulation. Thefirgisto
set n = 0, implying that the input Z has no effect on environmenta qudity, thus turning off dl
interaction between the tax scheme and the environment. In this case,

Loy, +
= ®)

R

If leisure and the market good are subgtitutes, then the effect of the pollution tax isto
increase leisure, which has anegetive TIE. This condition is sufficient but not necessary.

A second specid case is one where employment of Z degrades the environment (nS < 0),
but there is no effect of environmenta qudity on labor productivity
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In this case, the role of complementarity between leisure and environmental quaity can be seen. If
n. Ishegative and large (L and E are strong subdtitutes), then leisure and the income tax distortion
are reduced by the introduction of the pollution tax. Then, measureisthe eadicity verson of
Madden's (1991) substitution measure in amixed system.

The modd just presented is, of course, highly abstract and meant to illustrate broad forces.
It could be refined to address the issues of GE wdfare andyss more subtly. Useful refinements
include modeing more than one type of market good, dlowing different degrees of complementarity
between environmental quality and market goods; modeling more than one type of leisure time,
dlowing leisure to have different degrees of complementarity with environmentd qudity; and
modeling more than one input, alowing there to be polluting and nonpolluting inputs. It should dso
be noted that the modd just discussed is specidized in that it assumes congtant returnsto scae
technology (see the discussion in Section 4 of thisreport) and it assumes that the economy faces a
perfectly dastic supply of the polluting input. These specifications could be atered as well.
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